initial tendencies of cloud regimes
in the Met Office Unified Model

K. D. Williams and M.E. Brooks

The Met Office Unified Forecast-Climate Model is used to compare the properties of simulated climatological cloud regimes with those
produced in short-range forecasts initialised from operational analyses. In general, the cloud regime properties are found to be similar at all
forecast imes, including the climatological mean. This suggests that weaknesses in the representation of fast local processes are responsible
for errors In the simulation of the cloud regimes. The increased horizontal resolution of the model used for numerical weather prediction

generally has little impact on the cloud regimes, although the simulation of tropical shallow cumulus is improved, while the relative frequency of
tropical deep convection and cirrus compare less favourably with observations. Analysis of initial temperature tendency profiles for each cloud
regime indicates that some of the total temperature tendency which leads to a systematic bias in the model climatology is associated with a
particular cloud regime

s been applied 1o | SCCF observational data to dehne cloud regimes I he evolution of the regime Tropics Extra—tropics
3 1" 14 1 .Y -l ag -~ =% '8 '}- ‘ I \ "' _ - 1 'l YW/ers o ! g . - - : - : ~ () A lR}\nPlo
icd] 1oud 10p PDISSSUIEesS (U plucd Jcp 1S Aanga cioug covers (Jakobo P“JL‘C"[IL‘H dUHﬂ_L) th(-: course U' P ————— e s O

- 50 e W g gy g g gy
—————

Sialleow Cu — Nod :

‘ S rutecs sudan NI
"\ A - - . Ciairno

and the mean of 24 forecasts of the operational NWHF reveals | { ¥ rostal

Mot

=gimes have simiarly beer btained using 1SCLF simulator output frrom the model forecasl (Flgure 3)
adGAM
ature of the model means that the prnmary difference petween
agolution. This provides a seamiess model forecasting ramework “« [he regime properties are
, : slation ¢ . >s being used for data assimilation, short range forecast similar after five days to the
te ~hanae oroiectio climatological mean which

indicates that errors in the
Yoo - 1 o oy 1 v A 1 yop s l AP g~ gl ™~ alal™ ~
~h .Hlu:. }'h Thain [ e 22 I - : .‘}. - [Lg””(' plk’pbrtled dic

“urnailus d S “ Ny Stratocumulus l)rfl) "OnNy ——t b -y J‘
‘ % - » . d = s B o B L e = - - - . e Taaca S o ettt tdee—
1SCCh | .l;"" 3 IS5CCH ISCCE 1ISCCh associated with fast Obs T+12Z T+36 T+&) T+84 T+108 Chim Otx T+l2 T+36 T+60 T+8iT+108 Clin
‘ LB

atmospheric processes et . |
O * - ra-L S
2 ~ nSCRF nSCRF

R e T

[T T SR—— ——

40

3
—- = The Increased resolution used :
!
|
!

or—

680 | for NWP generally has little -
ptiga] effect on the regime properties, 4

0

LN . - - LU

.
13 9.4 6O 0 L3 94 6O - o . 3 ' although the frequency of ;E
llamts (NSS) o o : Clisnate (N9G) tropical cirrus IS increased at B
_ o | the expense of deep 7

L convection (this compares less St

-y | -0 | favourably with ISCCP) :

) : ‘ 0 ' uoL T = ! o
- : | &80 | | Obs T+12 T+36 T+60 T+84 T+108 Cim Ol T+12 T+36 T+60 T+84T+108 Cim

500 | | With the exception of the

0 L3 94 &0 relative frequency of tropical TLrOEi@ Exul?(-j( i
deep convection and ciftus; the " I

1,
1
.
é
4

%

Ol -

)
:
;
|
:
!
!
’
|
’

nSCRY N H’Y"i

s 80

T} ! ‘A0

NWE (N2 16) NW P (N 216) NWP (N2 16) NWFP (N216) .25 : .
- -l | ' S . AR regime properties show little
(R L LB

. et | N evolution during the forecast
0 | 440 | period, even though the initial
"o ) | 60 | state is constrained by the data
e | ]| assimilation system. This
suggests that most of the ,
opticat ek sess | ' it A LehisE, errors in the regime properties § e R | e
. . — o ‘ 2 > - are due to deficiencies in local ol 35 '
- processes and their interaction,
 Indicate the however the frequency of deep

-cay forecast from

80

LCRF (W™

lﬂ)nl
LN

|| BSSETETIER

Ot T+12 T+M6 T+60 T8I T+108 Ch Otx T+l2 T+M T+60 T-ST+108 Chan

Figure 3. Evolution of the relative frequency of occurrence (RFO), normalised shornwave
- WOCEY throua = ndel foracas
convection Is affected by d cloud forcing (nSCRF) and longwave cloud forcing (LVWLF) through the model forecast
dYHalﬂlCéﬂ response durlng the NO8 is shown solid: N216 is shown dashed. Observed Cl meYC“iO‘g-‘ "C‘f‘f'”s.‘«‘-" ‘? ai‘”’:'
model forecast with an aslerisk: from ERBE is shown with a diamond; HadGAM1 cimatoiogy 1S shown

onvecltion reqime

with a tnangle

Fxtre wwopws Bxtva Wropwos Eoxtro yopucs Extvo tropics l‘:xu;n lru')u.\
Shallow € usnulus Strotocusnnl us Cirvus Mid level Fryontn
ISy 1SedTm ISP ISP IsCCy —rT T . ' pr——— ey ‘ '
3 ; - . : v : - ; i S . ; — Shialow Cl.
l-',; ‘ \ RO - .\‘llﬂ“ﬂ“ Cha — S ratoct.
— S ratocu. Clrrus
s1 0 Thin elrrus Frootal

v Doep Convy, | — Total
40 | ‘ 40 — Total

Extra—trop ICS

i) | ‘ . | 0
u--l ; PR T))

NID' OO

L DT = £ 7 ; 1L OO o RS S : e LOOO
2.0 “ Ll . O | . ) 2 .d o4 . 0

£ haannate (N f lisnmte i NOMS) Cliumae (NM)
- . . e e ey g gy

L ‘: . L0 1RO
"0 ‘ 3 R ‘L0 -
. A L0
; |
:

) =60

Pressore (hPa)

) HLHO

:
i B0
: .
. - . ? e J LOOO L s

A 94 o Ly 9. o) O Ly 2.4 o) 0 LY 9.4 o0

erP (NZ16) NWEI(N2I6) NWIT(NZ16) NWEF (N2Z16)
W~ - - = ney S - - - put ————— - — v ,_._41 - g ——————— -

] ;
R | } |
: IR L : i3 g ot
PO O O _LJ>-1.4 ol B S e e L(:," o Ly O > 4

’ -4 = =
6RO O 4 » ) 0 . 2 - 4 o .«I- 'cndcnq. (K d."‘l)
8OO T tendency (K day )

SRS . S . 5 1 1000 L.
LS Y4 o ,, v gy L

OEtie et | e b e : —r : h reqgime and the

‘ Ea— v Figure 4. Initial temperature tendency profiles for each reg

. M s 2o 2 2 0 18 26 forecas! . ¢ have n
The initial tendencies of model state variables over the ﬁth stlx hourz;;ﬂ:;‘f)%rsecaph:nc coolbinege o

, | ‘ 4). A strong u S
examined in the context of the cloud regimes (Figure e . ' nwtalmn' g
B 7 . - ' | This is consistent with the regime co :
R . warmina below occurs in the extra-tropical cirrus regime. | . orror in
P Overall the increased resolution in the NWP model has little effect on the simulation of the regimes, SR w?wich ‘s too thick and high. This upper tropospheric cool bias is present as a systematc &ir

a8 the HadGAM1 climatology, indicating the potential benefit of using a unified modelling system ta

P ROWeVer the representation of tropical shallow cumulus is improved at higher resolution The Met Office , | forecasts
% del (in common with many other GCMs) has difficulty in simulating a regime dominated by cloud with investigate the cause of climate errors through the diagnoslic analysis of short-range .

' .
total for the whole region over the first six hours of the N96

t‘;" i 4 m 2— “ qu‘@’ o for the ce-lram Q:‘l'l'.i-l(f)’;yf_", he modiel doeas not simulate the mid-level claoud ||‘l’]|ﬂ10:
o T

P
t
A e
i
)

R .

- ;._ 3
- 2

v




